All chemicals were used as received without further purification. Hydrogen tetrachloroaurate(III) hydrate (HAuCl4·3H2O), 99.9% (metal basis Au 49%) was purchased from Alfa Aesar; sodium citrate tribasic dihydrate (99.0%), hydroquinone (99.5%) and AgNO3 (99.9999%) were purchased from Sigma-Aldrich; 2-mercaptobenzoimidazole-5-carboxylic acid was purchased from Tokyo Chemical Industry Co., Ltd. (TCI); 1,2-dipalmitoyl-sn-glycero-3-phosphothioethanol (Sodium salt, abbreviated as PSH) was purchased from Avanti Polar Lipids, Inc.; amphiphilic diblock copolymer polystyrene-block-poly(acrylic acid) (PS154-b-PAA49, Mn = 16000 for the polystyrene block and Mn = 3500 for the poly(acrylic acid) block, Mw/Mn = 1.15) was purchased from Polymer Source, Inc.; Deionized water (resistance > 18.2 MΩ·cm) was used in all reactions. Copper specimen grids (300 mesh) with formvar/carbon support film (referred to as TEM grids in the text) were purchased from Beijing XXBR Technology Co. TEM images were collected by using a JEM-1400 (JEOL) Transmission Electron Microscopy operated at 100 kV. (NH4)6Mo7O24 was used as stain, against which the polymer shells appear white color. Energy-dispersive X-ray spectroscopy (EDS) mapping and line scan was carried out on a JEOL 2100 F Field Emission Transmission Electron Microscope at 200 kV. UV-Vis spectra were collected on a Cary 100 UV-Vis spectrophotometer (VARIAN, as-synthesized colloid was used without further purification). Raman spectra of the sample solution were collected on a PeakSeeker Pro spectrometer (Raman Systems Inc.) in a 4mL glass vial (15×45mm) under a red laser (λ = 785 nm) at 290 mW (direct measurement of the colloid).
S3
Fig. S1 TEM image and size distribution of 70 nm Au seeds encapsulated in PSPAA shell. The PSPAA shell can protect the nanoparticles from aggregation and the morphology details can be observed more clearly. and (e, f) SERS spectra and the plot indicating the intensity of the Raman peak at 1278.77 cm -1 of the three samples. S11 Fig. S8-1 Large-view TEM image of the Au-Agn satellite structures, the same sample as shown in Fig. 5a . S12 Fig. S8-2 Large-view TEM image of Fig. 5c . A control experiment was carried out with pre-mixed 15, 25, and 70 nm seeds, so that the growth condition is the same for all seeds. The fact that single-island growth (for the 15 nm seeds) and multi-island growth (for the 25 and 70 nm seeds) coexist suggest the same underlying growth principles. The same Cbulk should lead to depletion spheres of similar sizes, which would then lead to roughly equal spacing for all seeds. Since the spacing is too large for the 15 nm seeds, the formation of one island prohibits any subsequent nucleation site. 
S4

S5
S13
